The stellar record of elemental abundances in satellite galaxies is important to identify the origin of r-process because such a small stellar system could have hosted a single r-process event, which would distinguish member stars that are formed before and after the event through the evidence of a considerable difference in the abundances of r-process elements, as found in the ultra-faint dwarf galaxy Reticulum II (Ret II). However, the limited mass of these systems prevents us from collecting information from a sufficient number of stars in individual satellites. Hence, it remains unclear whether the discovery of a remarkable r-process enrichment event in Ret II explains the nature of r-process abundances or is an exception. We perform high-resolution spectroscopic measurements of r-process abundances for twelve metal-poor stars in the Draco dwarf galaxy in the metallicity range of −2.5 <[Fe/H]< −2. We found that these stars are separated into two groups with r-process abundances differing by one order of magnitude. A group of stars with high abundances of r-process elements was formed by a single r-process event that corresponds to the event evidenced in Ret II. On the other hand, the low r-process abundance group was formed by another sporadic enrichment channel producing a far fewer r-process elements, which is clearly identified for the first time. Accordingly, we identified two populations of stars with different r-process abundances, which are built by two r-process events that enriched gases at levels that differ by more than one order of magnitude.
INTRODUCTION
The recent progress in the research on r-process elements has led us to a better understanding of the production site of their elements. The detection of a nearinfrared light bump in the afterglow of a short-duration γ-ray burst (e.g., Tanvir et al. 2013 ) together with successful r-process nucleosynthesis calculations (e.g., Wanajo et al. 2014; Rosswog et al. 2014; Goriely et al. 2015) has led researchers to focus on neutron star (NS) mergers as a promising site for r-process elements. The connection to a NS merger has been further strengthened from the perspective of Galactic chemical evolution (e.g., Matteucci et al. 2014; Tsujimoto & Shigeyama 2014; Wehmeyer et al. 2015; Komiya & Shigeyama 2016) . Then, at last we have witnessed the compelling signature of r-process synthesis in the electromagnetic emissions associated with the gravitational-wave event, GW170817 which is an outcome of the binary NS meregr (e.g., Smartt et al. 2017) . However, it still remains unsolved whether a NS merger is a unique channel of r-process production, as implied by an early galaxy enriched by r-process. A close look at the elemental feature of metalpoor stars provides no support for the delayed r-process enrichment, which is considered to be an inevitable outcome of NS merger events with the average merger time of ∼1 Gyr (Dominik et al. 2012) ; any metal-poor stars enriched by lighter elements such as α-elements on a much shorter time-scale seem to be enriched by r-process as well (Roederer 2013) .
The records of r-process elements deduced from the spectral lines of long-lived stars are a powerful tool for identifying the origin of their elements. One might think that such records can be searched at the Milky Way stars. However, according to the widely accepted theory of hierarchical galaxy formation scenario, the Milky Way was formed through the accretion of protogalactic fragments. This view predicts that the metal-poor stars in the Milky Way are an assembly of stars originated from individual fragments in which various chemical evolutions proceeded. Consequently, the observed abundance patterns should show a variety of patterns. This mechanism naturally explains the large variance observed in the abundances of neutron-capture elements, such as Eu, that are formed through the r-process at low metallicity (Sneden et al. 2008) . Eventually, this explanation hampers our understanding of the origin and evolution of r-process elements.
Alternatively, the small stellar masses in the satellite galaxies of the Milky Way present an advantage in the study of r-process. Relatively small number of stars that were formed in these galaxies allows the detection of rare potential r-process production events such as NS mergers (Tsujimoto & Shigeyama 2014) . Recent reports on the ultra-faint dwarf (UFD) galaxy Reticulum II (Ret II) revealed that a single event with a high r-process yield considerably enhanced the r-process abundances of this galaxy (Ji et al. 2016; Roederer et al. 2016) . However, these studies did not clarify whether the discovered event is a ubiquitous one or not. This uncertainty remains after one star in another UFD galaxy, Tucana III, was found to be enriched to a level similar to that of stars in Ret II (Hansen et al. 2017) . We have no clues for identifying the r-process origin in Tucana III as the available information on r-process abundance is restricted to a single star. The Draco dwarf spheroidal galaxy (dSph) is not as faint as Ret II, but is still a small stellar system that could be significantly affected by a single event to produce r-process elements in its early chemical evolution. found that relatively metal-rich ([Fe/H]> −2) stars in Draco have a constant abundance of Eu (i.e., [Eu/H] ∼ −1.5), whereas more metal-poor stars have no detectable abundances of Eu. The low observed Ba/Eu ratios for stars with [Fe/H] ≤ −2, including the metal-poor end of the constant Eu abundance, a feature which the Draco dSph has in common with the other dSphs such as Carina and Sculptor guarantee that Ba and Eu in the observed stars were produced by the r-process (Simmerer et al. 2004; Bisterzo et al. 2014) . Thus, this Eu abundance feature suggests that the Draco dSph experienced a large increase in r-process abundance within a small [Fe/H] range. However, the data size and quality are still too limited to exclude the possibility of a gradual increase in r-process elements with increasing amounts of Fe.
Here we report the result of Y, Ba, and Eu abundances from analysis of high-resolution spectra for 12 stars, 10 stars of which are newly measured, in the narrow metallicity range of −2.5 <[Fe/H]< −2. Thanks to our strategy to target the stars around the metallicity where rprocess event is anticipated to occur, we can assess how the abundance of r-process elements changed at this early stage of Draco dSph's formation. Table 1 . We selected 10 red giants in Draco in the metallicity range of −2.5 <[Fe/H]< −2, as estimated by the spectroscopy at medium-resolution (Kirby et al. 2010 ) and moderately high resolution (Walker et al. 2015) . We adopted a standard setup for HDS, which covers 4000 − 6800Å, and applied 2 × 2 CCD binning. Most of our targets were observed with a spectral resolution of R ∼ 45, 000, and three stars were observed with R ∼ 60, 000. In addition to 10 stars, we reanalyzed two stars from with [Fe/H] values in the abovementioned range. Data reduction was performed with an HDS reduction pipeline that utilizes IRAF 
ABUNDANCE ANALYSIS
The effective temperatures were derived from V − K s color (Ségall et al. 2007; Cutri et al. 2003 ) using calibration of Casagrande et al. (2010) with correction for interstellar extinction (Schlafly & Finkbeiner 2011) . To determine surface gravities, assuming that each star is on the red giant branch, we used Yonsei-Yale isochrones (Kim et al. 2002) with an age of 10.9 Gyr (Orban et al. 2008) . Although some stars needed an extrapolation of the isochrones toward a lower surface gravity, the abundance measurement using Fe II lines resulted in Fe abundances consistent with those deduced from Fe I lines within ∆[Fe/H] = 0.15 dex. The micro-turbulent velocities v t were determined so that the Fe abundances from individual Fe lines show no correlations with the strengths of the lines. We adopted the uncertainties for stellar parameters as follows. Uncertainties for the effective temperatures originated from photometric errors were in the range of 60 − 100 K. Here we adopted 100 K as σ(T eff ) for all the stars. The value of σ(log g) was determined as σ(log g) = 0.4 dex from the typical uncertainties of T eff and metallicity. The errors on v t , σ(v t ) ∼ 0.2 km s −1 , were estimated from the range of its values that give no apparent trend between line strengths and derived abundances. We adopted σ(v t ) = 0.3 km s −1 as the uncertainty, considering an additional error budget arised from degeneracy between v t and T eff .
We performed an abundance analysis under 1D/LTE approximation with the ATLAS NEWODF grid of alphaenhanced model atmospheres (Castelli & Kurucz 2003) and the spectrum synthesis code used in Aoki et al. (2009) , which is based on the same assumptions as the model atmosphere program of Tsuji (1978) . The Fe abundances were derived from equivalent widths of Fe I lines using the same line list as . The abundances of Ba and Eu were estimated by fitting the synthetic spectra to each absorption feature: Ba II lines around 5854Å, 6142Å, and 6497Å and an Eu II line around 6645Å. Hyperfine splitting was considered for Ba II and Eu II, by assuming the same isotope ratios of the r-process component that appear in the solarsystem material, as done by McWilliam (1998) and Ivans et al. (2006) , respectively. We determined Y abundances from Y II lines with atomic data from Hannaford et al. (1982) . Observed spectra for our 12 stars as well as comparisons between synthesized spectra and observed ones for two stars are shown in Figure 1 . The uncertainties in the derived abundances were estimated with the standard deviations of the abundances from the individual lines divided by the square root of the number of lines. If the number of detected lines for the species was less than three, their standard deviations were replaced by those of the abundances from Fe I lines. In addition, we considered the effect of uncertainties of stellar parameters quadratically. Stellar parameters and derived abundances are summarized in Table 2 .
We classify the stars into two groups in terms of [Ba/H]. For Ba-rich stars, we can deduce the [Ba/Eu] ratio, which shows no correlation with [Fe/H] and relatively low values with an average of −0.45, indicating that Ba in our target stars originated mainly in r-process nucleosynthesis (Simmerer et al. 2004; Bisterzo et al. 2014) . Our deduced ratio is slightly higher than the values found for r-process-enhanced stars, such as CS22892-052 (=−0.65; Sneden et al. 2003) . To check whether the slightly higher [Ba/Eu] ratios obtained for the high-Ba stars are caused by our abundance analysis, we carried out the analysis with the same procedure used in this work for a bright metal-poor r-process-rich star, HD221170. Stellar parameters (Teff, log g, [Fe/H]) and Eu abundances of this star are similar to those of our Draco target stars. We obtained [Ba/Eu]=−0.51, which is in good agreement with the value of −0.54 deduced from the detailed analysis by other study (Ivans et al. 2006) . At the moment, the possibility of inclusion of Ba from s-process opera- tion to some extent can not be excluded. Even in this case, the contribution from s-process has a minor effect on Ba abundance within ∼0.2 dex and we may conclude that a large part of Ba in our stars is representative of a r-process origin.
TWO R-PROCESS POPULATIONS
Our results on the Ba abundance measurements are shown in the top panel of Figure 2 . Therefore, it is likely that this r-process event is associated with a short period of increased production of both heavy and light neutron-capture elements. The average [Y/Ba] ratios for the high-and low-Ba populations are quite similar at approximately −0.6 and −0.5, respectively. These ratios broadly correspond to the lower bound of [Y/Ba] values among the Galactic metal-poor halo stars, which implies that all these elements are of pure r-process origin.
The large increase in r-process abundance found in the Draco dSph is reminiscent of a similar discovery in the UFD galaxy Ret II (Ji et al. 2016 ). The feature discovered in Ret II suggests that a single event with a high r-process yield remarkably enhanced the abundances of r-process elements in this galaxy. We found similarities between the two phenomena. First, a single event in both galaxies increased [Ba/H] up to approximately the same level, i.e., [Ba/H]∼ −2. In addition, this increase in the [Ba/H] ratio is accompanied by an increase in the abundance of light neutron-capture elements, such as Sr and Y, to the same degree as the increase in Ba (Roederer et al. 2016) . Such similarities in r-process abundance features suggest that the r-process event in Draco may be identical to that in Ret II. Accordingly the r-process event discovered in Ret II is not unique; however, it occurred in another Milky Way satellite, the Draco dSph. We note that the reported increase in the [Ba/H] ratio of as much as ∼2.5 dex in Ret II was caused by a considerably low [Ba/H] value of approximately −4.5 prior to this r-process event. Another difference between the two systems is the metallicity at the time of their occurrences, i.e., [Fe/H]≈ −2.3 in Draco and −3 in Ret II.
We estimated the mass of Ba ejected from the r-process event found in the Draco dSph. By modeling the chemical evolution of Draco (Tsujimoto & Nishimura 2015) , we deduced that the mass fraction converted from the initial gas to stars was approximately15%. Furthermore, from the current stellar mass of 3.2×10 5 M ⊙ (Martin et al. 2008 ), we obtained a mass of 2.1×10 6 M ⊙ as the initial mass of the gas in the Draco dSph progenitor, which would have been mixed with the ejecta that were enriched with r-process elements. Note that the gas mass used for star formation prior to the r-process event is negligible. Accordingly, to increase [Ba/H] from −2.9 to −1.9, we estimated that a single r-process event should have ejected 3×10
−4 M ⊙ of Ba. This result can be compared with the theoretical yield from potential r-process producing events. An NS merger is predicted to typically eject 0.01 M ⊙ of matter (e.g., Barnes & Kasen 2013 ). If we assume that the ejecta comprise elements with A ≥ 88, including Sr and Y, the expected mass of Ba is 3.2×10 −4 M ⊙ , which is in good agreement with our estimate from the Draco observation. We note that a black hole-NS merger can release a similar or greater mass of r-process elements (Kyutoku et al. 2015) . Besides such mergers, another proposed candidate is peculiar core- collapse supernovae (CCSNe) that are characterized by fast rotations and high magnetic fields (e.g., Takiwaki et al. 2009 ). These magneto-rotational CCSNe (MR-SNe) can produce light and heavy r-process elements together with lighter elements such as α-elements and Fe, and thus may contribute to their enrichment during early star formation in dSphs (Tsujimoto & Nishimura 2015) . The latest results on nucleosynthesis in MR-SNe suggest Ba production as much as 2.8×10 −4 M ⊙ in a model with low neutrino luminosity (Nishimura et al. 2017) , which also agrees well with our estimate. The progenitor mass of Ret II (2360 L ⊙ : Simon et al. 2015) could be comparable to that of Draco, i.e., approximately 10 6 M ⊙ according to the assembling mini-halo model (e.g., Ji et al. 2015 Ji et al. , 2016 . This mechanism may give the threshold of an initial mass of protogalaxies and would lead to a similar degree of r-process enrichment.
TWO DISTINCT R-PROCESS EVENTS
In this section, we inspect the Ba feature for As reported by previous studies (Tsujimoto & Shigeyama 2014; Tsujimoto & Shigeyama 2014) . Accordingly, the pattern of r-process abundance can be summarized as follows: the first r-process event occurs around [Fe/H] = -3, lifting the Ba abundance up to [Ba/H ∼ −3 or −3.5. Subsequently one or more additional r-process events occur between 3 <[Fe/H]< −2, depending on the [Ba/H] ratio achieved by the first event. These events together lift the Ba abundance up to [Ba/H]∼ −2 and eventually build to the current r-process element abundance.
We discovered two types of r-process events that differ by at least one order of magnitude in the degree of enrichment of interstellar matter. One of the two events, which produced a far fewer r-process elements, is not found in Ret II. The presence of an event building the low-Ba ([Ba/H]∼ −2.9) population that we discovered suggests that r-process events could provide the varying amount of nucleosynthesis products. This variation may suggest two distinct r-process sites, i.e., a NS merger and a MR-SN, in the early Draco. Alternatively, NS mergers would result in a wide range of amount of r-process elements owing to a large variety of ejecta mass, which is suggested by the diversity of brightness of radioactive kilonova (Gompertz et al. 2017) . The NS merger rate estimated by the GW170817 event (Abbott et al. 2017 ) might be compatible with this view since its rate deduced from the observed r-process abundance feature is smaller by approximately ten times, given all NS mergers yield high r-process production (Tsujimoto & Shigeyama 2014) . Unveiling the origin of the two populations with high-and low-Ba abundances in the Draco dSph should be a priority in understanding the origin of r-process elements. Future research could approach this question with similar measurements of r-process elements in other classical dSphs.
